Abstract. We report transformations of dissipative vortices leading to their splitting in a controllable way. These phenomena are analyzed employing the basic model describing diverse nonlinear physical systems far from equilibrium -the two-dimensional cubic-quintic complex Ginzburg-Landau equation with a double-well potential. The potential term accounts for an external control influence upon vortex waveforms. We demonstrate that the locally applied potential can dramatically transform a waveform of initial vortex resulting in the vortex topological charge changing and vortex splitting.
Introduction
The complex Ginzburg-Landau equation (CGLE) forms a mathematical background for modelling of many nonlinear physical systems far from equilibrium [1, 2] . This equation describes the evolution of a wide range of self-organizing phenomena such as the formation of patterns, spirals and localized structures. The latter are also known as dissipative solitons [3, 4] , which appear in mode-locked lasers [5] , magneto-optic waveguides [6, 7] , polariton Bose-Einstein condensates [8] [9] [10] and many other systems [1, 2] . The one-dimensional CGLE supports a vast variety of dissipative solitons including stationary solitons [11] , periodically pulsating solitons [12, 13] , chaotic solitons [12, 13] , exploding solitons [13] [14] [15] [16] , and solitons with periodical spikes of extreme amplitude and short duration [17] , while the two-dimensional CGLE admits the existence of dissipative vortices [6, 7] , where energy is twisted around their axes leading to the phase singularity.
Many of recent studies have been focused on investigation of nontrivial dynamical regimes, which appear due to interaction of dissipative solitons with external potentials. For instance, complex dynamics of one-dimensional dissipative solitons supported by a sharp potential barrier has been considered in [18] . The continuous generation of two-dimensional expanding solitons in an active optical medium perturbed by the razor, dagger, and needle potentials has been reported in [19] . The evolution of two-dimensional dissipative solitons in active bulk media upon applied umbrella-shaped and radial-azimuthal potentials has been analyzed in [20] and [21] , respectively. On the other hand, an external potential can break the time reversal symmetry as it is in magneto-optic systems [6, 7] , where an external magnetic field is applied to achieve the non-reciprocal propagation of dissipative optical solitons. This idea has successfully been employed to develop new robust control mechanisms for performing selective lateral shift within a group of stable non-interacting one-dimensional fundamental dissipative solitons [22, 24] as well as for their replication [22] [23] [24] [25] .
Here we report a new mechanism for a dissipative vortex splitting into two exact copies without losing in amplitude levels assuming that the vortex dynamics is governed by the two-dimensional cubic-quintic CGLE supplemented by a double-well potential term.
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Controllable Splitting of Dissipative Vortices
Mathematical Model
For a particular example, we consider a nonlinear magneto-optic waveguide system being in the Faraday geometry. Then the normalized complex slowly varying envelop of electric field is governed by the following two-dimensional cubic-quintic CGLE [6, 7] :
where
is a complex amplitude of transverse y x, and longitudinal z coordinates, D is the group velocity dispersion coefficient,  is a linear absorption,  is a linear diffusion,  is a nonlinear cubic gain,  accounts for the self-defocusing effect due to the negative sign,  defines quintic nonlinear losses, and i is the imaginary unit. The potential depends on the transverse x coordinate and longitudinal z coordinate that has the form
where the function ) ( q defines a particular behavior of potential along the transverse x coordinate and ) ( h is the Heaviside step function, which models a local behavior of the potential along the longitudinal z coordinate. The following initial condition is used to excite dissipative vortices
Here m is the topological charge of a vortex, 0 A is the seed amplitude of the vortex, 0 x , 0 y and 0 r define the location of the vortex center and its width, respectively. We assume that the following periodic boundary condition are imposed
where x L and y L are some given numbers.
Explicit Computational Scheme
In order to solve the problem (1)- (4) we combine the pseudospectral approach and exponential time differencing method [26] of second order. Since vortices exist in a limited space we restrict the computational domain to the finite domain
assuming the periodic boundary conditions (4) on its boundary. The computational domain is sampled along each of transverse coordinates with 9 2 discretization points to compute the two-dimension fast Fourier transform with respect to the x and y coordinates. The longitudinal distance is discretized with the 
, and  stands for the nonlinear part of Eq. (1)
The circumflex denotes the two-dimensional Fourier transform with respect to the both transverse
Numerical Results
In our numerical simulations we chose the equations parameters, which admit the existence of dissipative vortices, namely they are
. Since the developed vortex represents certain stationary solution to Eq. 1, it propagates along the z axis without changing its waveform as long as parameters of Eq. 1 remain fixed. However, application of a potential unavoidably changes a dissipative vortex waveform. For example, we apply the potential (2) with a transverse coordinate dependence given in the form of a double-well function
The potential function profile (6) is plotted in Figure 1 (b) . Switching on the potential (6) from the section 50 1  z to 118 2  z we dramatically perturb the vortex (Figure 1 (c), (d) ) and initiate its splitting into two ones, which are exactly identical to the original vortex. The intensity plot and phase 237 diagram of these two non-interacting vortices after splitting are calculated at the section 200  z and they are presented in Figure 1 (e) and (f), respectively. We stress that the split vortices (Figure 1 (e) , (f)) are exact copies (replicas) of the single seed vortex (Figure 1 (c), (d) ). Applying the same potential (6) we can split the antivortex (a vortex whose topological charge has an opposite sign and equals in a magnitude) as shown in Figure 2 . All the calculations presented in Figure 2 are done using the same equation parameters, potential (6) , and initial condition (3) except the topological charge is opposite ( 1   m ). Having compared the intensity plots in Figure 1 
Conclusions
We have demonstrated that a locally applied double-well potential can drastically change waveforms of dissipative vortices leading to their replication. The effect of vortex replication reported here is very sensitive to the potential profile and can disappear if the potential is changed slightly. This effect was found as a result of numerical analysis of the two-dimensional cubic-quintic CGLE with double-well potential, which is the well-known common model. Therefore, the effect of replication of dissipative vortices is expected to be observed experimentally in many physical systems governed by the CGLE. Particularly, it concerns for magneto-optic waveguides with the Faraday geometry.
